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Summary  

 

 

Ground validation (GV) campaigns before and after the launch of NASAôs Global 

Precipitation Measurement Mission (GPM) Core satellite in early 2014 have been 

planned to collect targeted observations to support precipitation retrieval algorithm 

development, to improve the science of precipitation processes, and to demonstrate the 

utility of GPM data for operational hydrology and water resources applications.  The 

Integrated Precipitation and Hydrology Experiment (IPHEx) centered in the Southern 

Appalachians and spanning into the Piedmont and Coastal Plain regions of North 

Carolina seeks to characterize warm season orographic precipitation regimes, and the 

relationship between precipitation regimes and hydrologic processes in regions of 

complex terrain.  The IPHEx heritage stems from and also currently includes 

collaboration with the NOAA Hydrometeorological Testbed Southeast Pilot Studies 

Program (HMT-SEPS).  

 

Since 2007, a high elevation tipping bucket rain gauge network has been in place in the 

Pigeon River Basin (PRB) in the Southern Appalachians and intensive observing periods 

(IOPs) have been conducted in this and surrounding river basins to characterize ridge-

ridge and ridge-valley variability of precipitation using radiosondes, tethersondes, Micro-

Rain Radars (MRRs), automatic weather stations and optical disdrometers. Important 

results from these analyses include the importance of light (<3 mm/hr) rainfall as a 

baseline freshwater input to the region especially in the cold season, and the high 

frequency of heavy rainfall and severe weather in the warm season, and illuminate the 

significant spatio-temporal variability of rainfall in this region.   

 

IPHEX will consist of two activities: 1) an extended  observing period (EOP) from 

October 2013 through October 2014 including a science-grade raingauge network of 60 

stations, half of which will be equipped with multiple raingauge platforms, in addition to 

the fixed regional observing system; a disdrometer network consisting of twenty separate 

clusters; and two mobile profiling facilities including MRRs; and 2) an intense observing 

period (IOP) from MayïJuly of 2014 post GPM launch focusing on 4D mapping of 

precipitation structure during which NASAôs NPOL S-band scanning dual-polarization 

radar, the dual-frequency Ka-Ku, dual polarimetric, Doppler radar (D3R), four additional 

MRRs, and the NOAA NOXP radar ) will be deployed in addition to the long-term fixed 

instrumentation.  During the IOP, the NASA ER-2 and the UND Citation aircraft will be 

used to conduct high altitude and ñin the columnò measurements.   

 

The ER-2 will be equipped with multi-frequency-radiometers (AMPR and CoSMIR), the 

HIWRAP Ka/Ku-band, CRS W-band, and EXRAD X-band radars.  The ER-2 instrument 
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complement collectively functions as an expanded GPM Core ñsatellite proxyò.  The 

UND Citation instruments will be dedicated to microphysical characterization.  The 

ground-based instrumentation sites were selected to collect extensive samples of 

orographic effects on microphysical properties of precipitation, specifically DSDs, for the 

dominant warm season precipitation regimes in the region: 1) westerly systems including 

Mesoscale Convective Systems (MCSs) and fronts; 2) southerly and southeasterly 

convective systems and tropical storms; and 3) convection initiation and suppression and 

feeder-seeder interactions among fog and multilayered clouds in the inner mountain 

region.  A real-time hydrologic forecasting testbed is planned to be operational during the 

IPHEX IOP.  In preparation for the forecasting testbed, a benchmark project for 

intercomparison of hydrologic models has been developed (H4SE) in the context of 

which all data necessary (GIS, atmospheric forcing, land-surface attributes, soil 

properties, etc) to implement and operate hydrologic models in four major SE river basins 

(the Savannah, the Catawba-Sandee, the Yadkin-Peedee and the Upper Tennessee) were 

analyzed and processed at hourly time-step and at 1 km
2
 resolution over a 5-year period 

(2007-2012) and will be extended through 2014.  Data are currently available from 

http://iphex.pratt.duke.edu to all participants.  The goal of H4SE is to facilitate 

implementation of hydrologic models in the IPHEX region to assess the use and improve 

the utility of satellite-based Quantitative Precipitation Estimates (QPE) for hydrologic 

applications.       

 

In addition to the primary GPM IPHEx plan, three other monitoring activities will take 

place: 1) observations in support of aerosol-cloud-rainfall interactions including the 

chemical characterization of CCN, haze and fog and cloud microphysisc and vertical 

structure including optical properties; 2) intense measurements of soil moisture 

conditions over a wide range of heterogeneous land-use and land-cover fields concurrent 

with flights  of the SLAP instrument; and 3) determination  of groundwater transit times 

using trace gas analysis of streamflow samples.       

  

http://iphex.pratt.duke.edu/
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1. Introduction  

 

1.1 Overview  

 

The 2014 Integrated Precipitation and Hydrology Experiment (IPHEx) is a Ground 

Validation field campaign in support of the Global Precipitation Measurement (GPM) 

satellite mission sponsored by NASAôs PMM (Precipitation Measurement Missions) 

Program.  IPHEx will take place in the complex terrain region of Southern Appalachians 

with a principal core site in the Pigeon River Basin and a second site in the Upper 

Catawba watershed in collaboration with NOAAôs HMT-SEPS (Hydrometeorological 

Testbed SE Pilot Study), and there will be an opportunity to leverage existing NSF, 

NOAA, USGS, NPS, EPA, and USCoE monitoring sites across the Piedmont and Coastal 

Plain (Fig. 1).  GPM was launched February 27, 2014 (see http://www.nasa.gov/gpm), 

and IPHEx will be the first ground-validation campaign after launch. IPHEx is taking 

place in two phases: a long-term 1-year duration period collecting ground observations; 

and an intense Observing Period (IOP) from 5/1/2014 through 6/15/2014, which will 

include aircraft observations.  IPHEX will leverage and augment existing long-term 

meteorological and hydrological monitoring systems already in place in the region to 

acquire comprehensive observational data to address GPM science needs.    

 

The overarching goals of IPHEx are three-fold: 1) to improve the  estimation of 

orographic precipitation in regions of complex terrain from space through improved 

understanding and observations; 2) to characterize the utility of satellite-based 

Quantitative Precipitation Estimates (QPE) for operational hydrological forecasts of 

floods and natural hazards at multiple scales; and 3) to characterize the uncertainty 

associated with QPE products for water resources and water cycle research and 

applications.  The research strategy consists of three major tasks: 1) to conduct detailed 

science grade measurements of precipitation processes over one year to map the 

seasonality of the error structure of satellite-based precipitation estimates for various 

types of hydrometeorological regimes  in the Southern Appalachians;  2) to conduct 

ground-and aircraft-based 4D observations of  space-time evolution of the structure of 

warm season precipitation systems in the complex orography; and 3) to implement a 

testbed for the intercomparison of operational hydrology forecasting models and QPE in 

four major river basins in the SE US with headwaters in the Southern Appalachians using 

various models and QPE products (IPHEx-H4SE).   The third task includes close 

collaboration with NOAAôs Hydrometeorological Testbed Southeast Pilot (HMT-SEPS) 

activity as well as the engagement of NOAAôs National Weather Service and regional 

stakeholders with operational missions in weather, hydrology and related applications.  

Finally, IPHEx will establish a repository of high quality observations and data sets to 
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support scientific research and operational innovation and development beyond the 

completion of the planned tasks.    

 
 

Figure 1  -  Extended IPHEx domain (EID) with focal SE river basins delineated. In 

clockwise direction: Upper Tennessee (purple, 56,573 km
2
), Yadkin-Peedee (pink, 

46,310 km
2
), Catwaba-Santee (blue, 39,862 km

2
), and Savannah (green, 27,110 km2). 

The yellow rectangle denotes the Core Observing Area (COA) where ground validation 

efforst will be concentrated.    
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Figure 2 - Long-term monitoring networks ( Ó 5 years) in Western North Carolina: 

IPHEx Core area. 
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Figure 3 - Long-term monitoring networks ( Ó 5 years) in Western North Carolina: 

USGS streamgauges over the extended IPHEx region. 

 

1.2 Science Context  

 

IPHEx aims to address questions regarding the 3D structure and life cycle of  orographic 

and convective precipitation in continental regions of complex and heterogeneous terrain 

and moderate orography ( elevations < 2,500m), which are characteristic of the eastern 

United States as well middle mountains and the rainy foothills of the worldôs dominant 

orographic barriers in the tropics and at mid-latitudes, where TRMM precipitation 

products show large biases for both heavy and light precipitation events (Barros et al. 

2000, Prat and Barros 2010a; Duan and Barros, 2014).  Previous work using MicroRain 

Radars (MRRs) in the inner region of the Southern Appalachians indicates that there is 

strong seasonal DSD dependency on rainfall type and location in the landscape 

(elevation, landform: ridge-valley locations), inner region versus upwind or downwind 

slopes (Prat and Barros 2010b; Wilson and Barros, 2014). 

 

The headwaters of major SE river basins the Little Tennessee, the French Broad, the 

Catawba, and the Yadkin are located in the Southern Appalachians.  In recent years the 
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region is frequently in state of severe drought along with frequent flashfloods, especially 

in urban areas and at high elevations, where other natural hazards are frequent such as 

debris flows and landslides (Tao and Barros 2014a and 2014b, Villarini and Smith, 2010; 

Shepherd et al. 2010).  Historical data analysis of Piedmont rainfall (including urban 

areas) suggests positive precipitation trends, and increased rainfall intensity over the 

recent decades (Li et al. 2013, Kunkel et al. 2013).  On the other hand, light rainfall, 

defined as hourly rainfall rates less than 3-5 mm/hr, explains up to 60 % of the annual 

rainfall amount in the Southern Appalachians (Wilson and Barros, 2014), which has 

implications for the regional water budget and extreme hydrologic regimes. IPHEx will  

enable detailed hydrologic process studies to understand drought leading to improved 

water resources management.    

 

In the warm season, four major rainfall regimes dominate in this region: (1) Light to 

moderate rainfall (Rainrate < 5 mm/hr) associated with orographic modulation of 

incoming moist air masses and seeder-feeder interactions (> 50% of all observed rainfall 

rates fall in this category); (2) Heavy short duration rainfall and graupel associated with 

isolated thunderstorms with initiation in the inner mountain region; (3) Heavy rainfall 

associated with westerly and southerly convective systems modulated by orography as 

they propagate across the inner ridge-valley region; and 4) Very heavy rainfall Tropical  

and Extratropical Systems (typically southerly and southeasterly).  Over the Southern 

Appalachians, precipitation in regimes (1), (2) and (3) plays a key role in the regional 

water budget, whereas precipitation associated with regime (4) tends to be associated 

with various hydrological hazards as well as drought recovery (e.g. Fuhrman et al. 2008, 

Brun and Barros 2013).  Although weaker than the Low Level Jet (LLJ) in the Central 

Plains (Anderson and Arritt, 2001), it is possible that the nocturnal LLJ east of the 

Appalachians play an important role on the diurnal cycle of rainfall on analysis of profile 

observations in the Mid-Atlantic states (Zhang et al. 2006).  However, current evidence 

from the existing relatively sparse network of observations is lacking.  Prat and Barros 

(2010b) reported an overall bias of TRMM PR 2A25 against measurements from a high-

density raingauge network in the Smoky Mountains of up to 60% for heavy precipitation 

events in this region, whereas 80% of missed rainfall falls in the light rainfall category.  

Wilson and Barros (2014) propose that these missed light rainfall events as well as 

underestimation of rainfall in the case of stratiform systems and shallow convection can 

be attributed to seeder ïfeeder interactions among local fog banks and cap clouds and 

incoming weather systems.  Mitrescu et al. (2010) report a preliminary CloudSat 

climatology for light and moderate rainfall events that is consistent with local 

observations, thus suggesting that, although for different sensors, there is great 

opportunity to improve light rainfall estimation over complex terrain with the GPM DPR 

Dual-frequency Precipitation Radar).  Recently, an error analysis of TRMM PR 2A25 by 

Duan and Barros (2014) indicates that there is significant spatial and temporal 
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organization of retrieval errors that is associated to topographic features and can be 

explained in relation to the predominant hydrometeorological regimes.  In the inner 

mountain region of the Upper Tennessee, including the Pigeon and the French-Broad 

basin, hail-producing severe storms characterized by very strong winds in the valleys and  

heavy rainfall at higher elevations leading to floods and landslides tend to occur in the 

late afternoon and at night (see Appendix A).     

 

There is strong evidence in the literature suggesting that organic aerosols, and especially 

giant aerosol of biogenic origin, play an important role on the time-scales of cloud 

development, and presumably fog, in forested ecosystems (Pöschl et al 2010, Pauliquevis 

et al. 2007).  Given the recent interest on the influence of aerosols on orographic rainfall 

in regions of complex terrain (e.g. Rosenfeld et al. 2007), especially downwind of urban 

areas or pollution sources, and given the relatively low anthropogenic pollution in the 

region, IPHEx can also make an important contribution to clarifying the role of local vis-

a- vis  remote aerosol sources in the spatio-temporal persistence of fog regimes.   

 

Atallah et al. (2007) described, using quasi-geostrophic and potential temperature 

frameworks, how tropical cyclones transitioning to extratropical systems evolve to be 

ñleft/right of trackò precipitation dominant. Under either scenario, the IPHEx domain in 

our proposed region is often affected especially along the Piedmont and coastal regions 

by storms that track and landfall in the Atlantic SE region (Hart and Evans 2003), 

whereas the Southern Appalachians are strongly affected by Gulf storms as well as 

Atlantic storms (e.g. Brun and Barros 2013; Sun and Barros 2012; Konrad and Perry 

2009).   Left (right) of track scenarios may be associated with landfalling storms along 

the Carolina (Gulf) coast. Brennan and Lackmann (2005) have investigated the role of 

incipient precipitation and cyclogenesis in the region. They noted that the area of study 

(and other parts of the southeast) can be significantly affected by incipient precipitation 

(IP) prior to coastal cyclogenesis associated with lower-tropospheric diabatic PV 

maximum.   

 

Shepherd et al. (2010) recently reviewed the knowledge base concerning the ñurban 

rainfall effectò.  This is quite relevant as several major and growing urban areas (Atlanta, 

Charlotte, Greenville-Spartanburg, and Columbia) reside within our proposed area. 

Recent analysis of PRISM rainfall along the I-85 corridor reveals that some of the largest 

positive trends in precipitation are over are downwind of Atlanta, Charlotte, and 

Columbia as Shepherd et al. (2002) noted in their analysis of TRMM data. Several 

hypotheses (heat island destabilization, enhanced convergence, bifurcation, aerosol 

indirect effects) have been put forth, but none are conclusive at this point. Further, recent 

urban flooding in Atlanta, Nashville, and other cities heightens the need to understand 

urban hydrometeorological processes. In Charlotte, NC increased impervious surface 
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extent within the Charlotte metro area has resulted in an increase in heavy runoff/urban 

flooding events,  which can be particular severe for Tropical Storms (Wright 2013).  

Flood response in urban watersheds tends to be associated with return periods that exceed 

those in rural watersheds by as much as one order of magnitude (Brun and Barros 2013).  

 

In addition to high biodiversity and complex topography and hydrogeology, the Southern 

Appalachians and the adjacent Piedmont areas exhibit a broad diversity of hydro-climatic 

and physiographic characteristics thus providing a representative domain for the 

evaluation of hydrologic modeling and forecasting skill including quantification and 

attribution of uncertainty conditional on precipitation estimates. In the COA (Fig.1 ), the 

annual cycle of precipitation is characterized by high precipitation (the highest in the 

eastern US) distributed rather uniformly throughout the year: cold-season 

hydrometeorology is representative of mid-latitude middle mountains; warm-season 

hydrometeorology is representative of tropical middle mountains.  Second, persistent 

daytime haze and fog in the inner mountain region and their impacts on light and rainfall 

regimes resemble those found in tropical cloud forests, though at higher elevations, such 

as the eastern slopes of the Andes, and the cloud forests of the American Cordillera more 

generally.  Finally, because of frequent landslide activity, widespread flash-flooding, 

frequent drought,  wild fires, highly heterogeneous land-use and land-cover (LULC) 

ranging from fully forested protected areas in the Great Smokies National Park (Pigeon 

River basin) to intense agriculture in the Yadkin and Upper Catawba, and rapidly 

urbanizing areas along the I85 corridor from Atlanta to Raleigh passing through 

Charlotte, existence of large number of dams and reservoirs, the extended  IPHEx domain  

provides ample opportunity to test hydrologic models and the propagation of 

precipitation uncertainty under a wide range of conditions.   

 

2.  Science Objectives 

 

The GPM GV Science Implementation Plan (GVSIP) lays out three different strategies to 

evaluation, validation and improvement of GPM satellite constellation measurements, 

products, and algorithms:1 ) reliance on national networks and national infrastructure 

including operational observations (e.g. Figs. 2 and 3) and models ; 2) physical validation 

studies and comprehensive field campaigns targeting specific meteorological and 

hydrometeorological processes and regimes that bear directly on the assumptions used in 

physically-based retrieval algorithms and resultant precipitation products; and 3) 

integrated hydrometeorological applications that focus on utilizing satellite precipitation 

products for water cycle research and hydrologic operations including water resources 

management.  In the context of each strategy, specific validation tasks consist of: core 

satellite error characterization; constellation satellite validation; assessment of radar and 

radiometer retrieval uncertainties; cloud resolving model validation; and coupled land-
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atmosphere and hydrologic model validation.  IPHEx science objectives are aligned with 

core GPM research activities on physical validation and integrated hydrometeorological 

applications.   

 

2.1 GPM Physical Validation - A 4D space-time data base of evolution of the 

microphysical properties of precipitation for various storm trajectories and precipitation 

regimes in the spring-summer transition over complex terrain (westerly mesoscale 

convective systems including severe weather systems such as derechos and super cells, 

frontal systems, shallow embedded  convection, and orographic precipitation processes) 

will be collected. Observation of the widest variety of dominant precipitation modes over 

the complex terrain of the region is desired to extent that even a small number of oceanic 

cases are collected for contrast.  Given the predominant use of higher frequency 

radiometer channels and associated ice-scattering signatures in GPM algorithms used to 

estimate rainfall over land surfaces, coincident air and ground based radar and airborne 

radiometer observations that support studies of the coupling between ice processes and 

the production of rainfall (i.e., that measured at the ground) will be critical.  In the rain, 

vertical profiles of drop size distributions from the melting layer down to the ground 

surface as well as robust estimates of path-integrated-attenuation at high spatial 

resolution that can be used for the parameterization of microphysical processes will 

provide a critical benchmark for rapid evaluation and improvement of retrieval 

algorithms after launch.  In addition, synergetic research in the region including high-

density mesonets of soil moisture and surface temperature measurements should provide 

valuable estimates of surface emissivity and its diurnal cycle for the GMI and hence 

airborne clear-air land surface sampling missions will also be desired.    

   

2.2 GPM Precipitation Science ï The observations will permit detailed space-time 

mapping of the vertical structure of precipitation microstructure in the lower 2-3 km of 

the troposphere in complex terrain for conditions ranging from light to heavy rainfall.    

Besides its importance for retrieval, these data will be used to investigate the processes 

that govern orographic microphysical transients and how this affects spatial and temporal 

variability of rainfall intensity in complex terrain.   This should lead to better 

understanding toward improving the representation of microphysical processes in models 

and therefore the prediction of the spatial and temporal variability of rainfall rates.    

 

Because of the importance of persistent fog and low level orographic clouds on local 

enhancement of rainfall rates, understanding the role of local aerosols on the time-scales 

of cloud development and eventually precipitation initiation, duration and intensity is 

important.   In addition, these local aerosols may play an important role in enabling the 

re-initiation of convective cells in the inner mountain region that are suppressed when 

westerly convective systems cross over the western slopes of the Appalachians. Summit-
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to-Piedmont transects of rainfall microphysics, rainfall microstructure and aerosol 

characteristics (biogenic, urban, marine sources) should allow unprecedented opportunity 

for detection and attribution studies of aerosol-cloud-rainfall interactions.            

 

Radiosondes, profiler and radar data and modeling studies will provide for the first time a 

detailed characterization of the LLJ on the eastern slopes and investigate its role in 

regional precipitation, in particular the diurnal cycle on the eastern slopes of the Southern 

Appalachians and the Piedmont.  Detailed 360
o 
radar mapping, profiling and soundings in 

the inner mountain region as well as western and eastern slopes should provide valuable 

4D data for data-assimilation and interpretive studies to the dynamics of convection over 

complex terrain.   

 

2.3 GPM Hydrology and Integrated Validation ï The overarching science objectives 

for the GPM Hydro-GV program in the context of IPHEx are to understand the spatial 

and temporal variability of the water/energy cycle in mountainous regions and adjacent 

foreland basins including the contribution of light rainfall to regional freshwater 

resources,  the  sensitivity of hydrologic response to the space-time patterns of heavy 

precipitation across scales, and the linkages between physical hydrologic processes and 

hydrogeohazards (e.g. floods, landslides and debris flows). For this purpose, specific 

efforts will focus on developing and evaluating models and data assimilation frameworks 

to demonstrate and facilitate the use of GPM 4D QPE (Quantitative Precipitation 

Estimates) in global water and energy cycle research, weather prediction, and hydrologic 

applications.  Special emphasis is placed on the characterization of uncertainties through 

the implementation of regional hydrometeorological testbeds across diverse 

hydroclimatic and physiographic regions including: characterization of uncertainties in 

satellite and ground-based precipitation estimates over a broad range of space and time 

scales; characterization of uncertainties in hydrologic models and understanding 

propagation of input uncertainties into model forecasts; assessing performance of satellite 

precipitation products in hydrologic applications over a range of space-time scales; and 

leverage data of synergistic NASA missions.    The ultimate objective is to develop a 

foundation upon which the Hydro-GV program can measure progress in terms of new 

retrieval algorithms, new downscaling approaches, and advanced hydrological and other 

application models (Peters-Lidard and PMM Hydrology Working Group, 2011).    

 

A core activity of IPHEx is the H4SE Hydro-GV testbed, a model intercomparison study 

aimed at benchmarking the performance of hydrologic models and model propagation of 

uncertainty in precipitation estimates to uncertainty of hydrologic predictions from the 

event to interannual time-scales, and over a wide range of watershed scales characterized 

by high heterogeneity of terrain, hydrogeology, land-use and land-cover and 

hydrometeorological regimes.  Four large river basins with headwaters in the southern 
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Appalachians and which are geographically connected were selected:   Upper Tennessee, 

Yadkin-PeeDee, Catawba-Santee and Savannah (Fig.1). These watersheds encompass a 

wide range of topographic and hydrogeologic settings (Fig.4) and modes of surface-

groundwater interactions across four physiographic provinces: the Coastal Plain, the 

Piedmont, the Blue Ridge and the Valley and Ridge.  Karst topography can be found in 

the Upper Tennessee river basin within the Valley and Ridge province and in the lower 

Savannah, Santee and Pee Dee river basins in Georgia and South Carolina.    LandïUse 

and Land-Cover are very heterogeneous with predominance of natural forests, and 

agricultural and urban uses (Fig.5). 

 

 
Figure 4 ï Hydrogeology in the IPHEx domain (bottom panel) and modes of surface-

groundwater interactions (top panels). 

 

The H4SE activities consists of two phases: 1) a model implementation and evaluation 

phase during which participant hydrologic models will have access to a common data 

base of ancillary data and atmospheric forcing derived from NARR (North American 

Reanalysis) including observational QPE (Quantitative Precipitation Estimates) ; and 2)  

an operational testbed during the IPHEx IOP.  Weather forecasts and QPF produced by 

Goddardôs NU WRF modeling framework at high spatial resolution will be used as 

atmospheric forcing to run hydrologic forecast models every day. Daily hydrologic 
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forecasts driven by NUWRF QPF will subsequently be compared against model forecasts 

for the same day using multisensory QPE.   All participants will submit the forecasts to a 

common web site to be evaluated using the same metrics.            

 

 

Figure 5 ïMODIS yearly land cover product at 500m (MCD12Q1, Collection V51)-

Type2/UMD) from 2007 to 2010. 

 

2.4 Synergies with NOAA HMT-SEPS and Ongoing Activities 

 

Hydrometeorology Testbed (HMT) researchers at NOAA Earth Science Research 

Laboratory (ESRL) also will be conducting data assimilation experiments with high-

resolution forecast models that will assimilate the IPHEx datasets. The NOAA HMT is 

currently adopting the Community Hydrologic Prediction System (CHPS) to facilitate 

interoperability of hydrologic information with the NOAA Office of Hydrologic 

Development (OHD) and NWS forecast offices around the country, including the 

Southeast River Forecast Center (SERFC).  CHPS provides a framework to allow HMT 

researchers to perform hydrologic simulations and exchange data with partner 

organizations across NOAA and the academic community.  The goal is to better 

understand the sensitivity of hydrologic models, including the NOAA Research 

Distributed Hydrologic Model (RDHM) to various hydrologic forcing parameters (QPE, 

soil moisture, snow level, etc) as well as to examine the utility of providing ensemble 

stream flow forecasts using a WRF ensemble for input forcing.   IPHEx will  provide an 
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opportunity to expand HMT hydrologic research to watersheds in the southeast and will  

highly complement similar efforts of NASA GPM investigators.  

 

Other broad activities  include: (1) Validation of global multi-satellite rainfall products of 

complex terrain precipitation: synergetic collaboration between IPHEx ( limited duration 

intense observations) and HMT-SEPS observational programs can provide a large areal 

extent of high-quality surface rainfall fields derived from radar and rain gauge 

observations, associated with the various terrain areas (coastal, foothills and 

mountainous); and (2) Assessing the performance of satellite rainfall products in 

hydrological applications over a range of small to large size basin scales (~150-60,000 

km
2
). This activity requires synergistic measurements of a number of hydro-

meteorological variables at watershed scale. The IPHEx domain includes one USGS  

Hydrologic benchmark watershed within the area of the PMM raingauge network in the 

Smokies, the NSF LTER at Coweeta, several USFS and NPS research stations, as well as  

several carefully monitored river basins  including the Yadin and the Catawba near the 

core IPHEx area.    The evaluation of satellite precipitation retrievals by NASA GPM 

investigators will complement similar efforts at NOAA.  In particular, HMT researchers 

will use the precipitation measurements collected during IPHEx (gauge, radar, and 

satellite) to evaluate the performance of selected QPE algorithms, including Mountain 

Mapper (Schaake et al. 2004), Multi-sensor Precipitation Estimator (MPE; National 

Weather Service 2010) and NMQ Q2 (Zhang and Qi, 2010).  This effort includes a 

quantitative assessment of the added value of satellite data for QPE and is part of a larger 

HMT goal to determine the ñbest possibleò QPE in regions of complex terrain, resulting 

in improved hydrologic forcing guidance for NOAAôs National Water Center (NWC). 

 

3. Science Questions  

 

The following science questions will be investigated: 

 

¶ How do precipitation ice processes couple to dominant rainfall 

production modes and how robust is the ice-rainfall signature in 

high-frequency (e.g., Ó 89 GHz) microwave radiometer 

observations? 

 

¶ What are the characteristic profiles and variability of the DSD and 

how do microphysical mechanisms explain the observed spatial 

and temporal variability of DSDs as a function of precipitation 

regime?     
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¶ How do dense fog and feeder-seeder mechanisms affect the 

vertical structure of airborne reflectivity profiles vis-à-vis surface 

radar?  

¶ Is there a topo-morphology of satellite based precipitation errors 

consistent with convective and orographic precipitation habits in 

complex terrain? 

¶ What are the error characteristics of the GPM-DPR and how do 

they compare against TRMM-PR rainfall estimates?   

¶ What is the relationship between GPM-DPR and GPM-GMI error 

and local and regional hydrometeorological processes and 

regimes? 

¶ What are the error characteristics of GPM-GMI in the context of 

local and regional land-surface and hydrometrological regimes? 

¶ How does landform and land cover modulate propagating storms 

including suppression of existing and initiation of new convective 

cells? 

¶ What is the spatial and temporal variability of warm season 

orographic precipitation and how does it depend on regional 

versus local scale dynamics and thermodynamics?   

¶ What is the influence of aerosol physiochemical properties on fog 

and cloud development, and precipitation initiation?  Is there 

significant variability in aerosol physiochemical properties due to 

intrusion of anthropogenic pollution in the Southern 

Appalachians? 

¶ What is the impact of Piedmont urban areas on the morphology 

and intensity of storms?   

¶ What are the relative contributions of light and heavy rainfall in 

their Appalachian headwaters to the freshwater resource 

accounting in the Yadkin and Catawba river basins?   What is the 

relative dispersion of errors in satellite precipitation estimates of 

heavy and light rainfall among hydrologic states and processes in 

physically based models?  

¶ How do errors from satellite precipitation estimates (e.g. GPM) 

associated with light and heavy rainfall propagate to the basin-

scale water budget at critical delivery points (e.g. Charlotte)?   

¶ What is the role of surface-groundwater interactions in modulating 

(amplifying or decreasing) QPE uncertainty in hydrologic 

forecasts?   
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¶ How do errors from satellite precipitation estimates (e.g. TRMM) 

associated with very heavy rainfall events travel from lower to 

higher order tributaries as the flood peak propagates?   

¶ What are the immediate (at ïlaunch) gains in QPE capacity from 

incorporating GPM observations into operational forecasts? 

 

Data collected during IPHEx should nurture a wide range of research activities in support 

of PMM and GPM ground validation, science and applications as well as fundamental 

studies including: Physical and Dynamical Processes, Microphysical Processes, Aerosol-

Cloud-Rainfall Interactions, Land-Atmosphere Interactions, Physical Hydrology, QPE 

and Water Resources Management. 

 

4. Observational Plan 

 

The observational plan consists of two stages: an Extended Observing Period (EOP) and 

an Intense Observing Period (IOP).  The EOP began in the Fall of 2013 and will continue 

through the Fall of 2014.  The IOP will take place May 1
st
 through June 15, 2014.  The 

final composition of the observational suite will be conditional on instrument availability 

and operational readiness, and costs to balance algorithm and science requirements.  

 

4.1 Ground Observations 

 

In addition to the instrumentation shown in Figs. 2 and 3, Fig. 6 below shows the current 

(present date) distribution of additional disdrometers and major radar and radiometer 

facilities to be operational during the Intense Observing Period.   The large radars 

(NPOL, D3R and XPOL) will retire after the IOP, but the remainder ground observations 

will continue their deployment through the EOP (Table 1).  Although most observations 

will be conducted eastward of the Appalachian divide, it is important that boundary 

conditions be obtained on the western slopes of the Appalachians in order to assure that 

detailed process modeling studies can be conducted for westerly systems.   

 

The proposed core region is the yellow rectangle in Fig.1 which encompasses the French-

Broad and the Catawba and Yadkin basins in North Carolina.  Specific focus and a 

concentration of instrumentation are  placed on/in the Pigeon Watershed of the French- 

Broad basin, which is in the Upper Tennessee.  Two possible transects (defined loosely) 

for summit-to-sea studies across the extended regional area should also be feasible: 

Knoxville-Ashville-Charlotte-Wilmington and Knoxville-Ashville-Raleigh-Morehead 

City, and a third transect along the Atlanta-Charlotte-Raleigh urban corridor is also 

envisioned.  These transects would further enable urban, coastal, and Piedmont-to-coastal 

transition hydrometeorology and hydrology studies. 
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Table 1 ï IPHEx COA EOP Observational Ground Assets.  COA- Core Observing Area; 

EOP- Extended Observing Period. 

 

Sensors  Inventory  

Raingauges Duke/PMM  44 

NASA GPM GV 38 

National and State Networks  

(NWS, EPA, NPS, USDA, NC-

FWS and Econet) 

443 

HMT-SEPS  

---- ---- WXT 

Disdrometers Duke 17 P1 (16 UCLM) 

4 P2  

NASA GPM GV 11 P2, 3 JWD, 5 2DVD 

Radars NEXRAD* 6 

Profilers HMT-SEPS 4 

Streamgauges USGS  129 

22 NSF LTER Weirs 

Private  

Soil Moisture ECONET  

SCAN 

University 

Flux Towers Duke 1 

Ameriflux 6 

NC- Other  

Wells NC-DENR  

USGS 

NPS 

Meteorological 

Stations 

NOAA  

NC-Econet 

Radiosondes NOAA NWS KSNA, KFFC, KGSO, 

KRNK, KMHX  

UNC-Ashville 1 (mobile) 

MRRS Duke  2 

NASA 4 

FOG Duke PCASP, MWR (3), 

CCN 
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Figure 6 ï Current network of fixed instrumentation during the IPHEx IOP.   [This map 

will continue to be updated with  instruments]. 

 

4.1.1  NASA NPOL and D3R Radars  

 

NASA's S-band dual-POLarimetric (NPOL) radar (Table 2, Fig. 7) and Dual-Frequency 

Ka-Ku band Dual-Polarimetric Doppler Radar (D3R) will be located roughly 30 km north 

of Spartanburg, South Carolina at  35.196203N, -81.963758W.   

 

Briefly, the NPOL radar is a 0.93° scanning dual-polarimetric S-band radar.  It operates 

in PPI sector or full volume mode, RHI mode, and vertically pointing mode.  Polarimetric 

moments can be collected in either simultaneous transmit and receive (STAR) mode, or 

in an alternating H/V mode using a fast mechanical switch.  The most common 

operations mode for NPOL is STAR in order to facilitate more rapid scanning.  The radar 

is operated using Vaisala IRIS radar software and data are processed with an RVP900 

signal processor.   
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 Figure 7 -  NPOL and D3R Radars as 

deployed in Iowa during the IFloodS 

campaign. 

 

 

Table 2 - NASA S-Band Dual Polarimetric Radar (NPOL) Characteristics   
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Table 2 above provides a description of the radar transmitter, antenna, receiver as well as 

a summary of the science data that can be collected.   

 

A near-real-time data system will also be employed to provide updated imagery of 

several fields of interest: reflectivity, differential reflectivity, rain rate, specific 

differential phase, co-polar correlation and hydrometeor identification.  Additionally, two 

drop size distribution (DSD) fields will be retrieved: Nw (normalized intercept) and D0 

(median drop diameter).  The radar will send these images to a NASA server for public 

display via the following web site: http://wallops-

prf.gsfc.nasa.gov/Field_Campaigns/IPHEx/. If communication bandwidth allows, the raw 

data will also be sent over the internet.  If not, then data will copied on site and then hand 

carried to NASA for further processing.  

 

It is anticipated that NPOL will be ready for data collection at least one week prior to the 

IPHEx campaign in order to assess terrain blockage. Once this is done, a set of near-real-

time blockage and hybrid scan algorithms will be implemented prior to processing of the 

data.  The NPOL radar will generally be operated on a 24/7 basis. 

 

The NASA Ka-Ku band Deployable Dual-Polarimetric Doppler Scanning Radar (D3R; 

Figure 7; Table 2) will be co-deployed with the NPOL during IPHEx, as it was during 

Iowa Flood Studies campaign in 2013.  D3R provides a ground-based means to a) bridge 

observations of cloud and precipitation water in liquid and solid forms using frequencies 

consistent with the DPR; and b) provide a frequency-consistent test platform for 

development and testing of DPR retrieval algorithms.  The D3R will be used for scanning 

in coordination with the adjacent NPOL radar (a relatively unattenuated wavelength) to 

test GPM dual-frequency path integrated attenuation (PIA), rain rate, DSD, and 

hydrometeor  identification (e.g. liquid, melting, solid) retrievals.  Engineering 

specifications for the D3R are provided in Table 3. 

 

The principal scientific use of NPOL in IPHEx will be targeted toward providing high-

quality, relatively unattenuated, polarimetric rain mapping and observations of 

microphysical processes occurring in the vertical column.  It is acknowledged, however, 

that blockage corrections will be necessary in this region and polarimetry will be useful 

for this purpose.  Use of NPOL in this fashion will satisfy GPM integrated hydrologic 

and physical validation scientific objectives that place a premium on quality regional 

rainfall products for benchmarking satellite retrievals and hydrologic models, diagnosing 

distributions of particle size, shape, and phase in the vertical. and providing an 

unattenuated reflectivity reference for studies of path integrated attenuation at Ka/Ku 

frequencies (e.g., those available from the GPM DPR and/or the D3R).    

 

http://wallops-prf.gsfc.nasa.gov/Field_Campaigns/IPHEx/
http://wallops-prf.gsfc.nasa.gov/Field_Campaigns/IPHEx/
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Table 3 -  D3R Engineering characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Both NPOL and D3R will perform full/sector volume Plan Position Indicator (PPI) and 

range height indicator (RHI) scans in.  Primary emphases for NPOL/D3R scanning will 

be placed on: a) high quality hybrid rain-mapping scans (composites made from 1ï3 

elevation angles)  performed at low levels, interspersed with b) rapid, high resolution 

sector PPI volume or RHI sampling of the vertical structure of precipitation as needed 

and coordinated with aircraft operations and/or satellite overpasses in the sampling 

domain.  Scanning strategies (Fig. 8) employed by the NPOL and D3R will facilitate joint 

studies of the vertical structure of precipitation processes, rain and DSD variability, path 

integrated attenuation impacts and mitigation of GPM dual-frequency radar retrieval 

algorithms, and the coincident mapping of associated storm kinematics.  Vertically 

pointing scans will be conducted on a targeted basis in light stratiform precipitation to 
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facilitate calibration of differential reflectivity (ZDR).  Other modifications to scanning 

will be considered on an as-needed basis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.-  Left, 90 Degree ñFarò sector scan.  Right. 90 Degree ñNearò sector scan. 

 

4.1.2 NOAA X-band Polarimetric Radar (NOXP) 

 

The NOXP radar (Palmer et al., 2009; also Table 4, Fig. 9) will be located on a low ridge 

within the Pigeon River basin (Fig. 6).  This location will allow scanning of nearly the 

entire basin and thus capture most weather systems as reviewed in Section 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 -  NOAA NOXP mobile X-band dual-polarimetric radar. 

 


